The surgical, clinical and radiological importance of the diagonal artery in the human heart and the extreme variability in its description prompted us to undertake its study. The investigation was performed in 150 hearts, dissected after injection of colored substance in the coronary arteries. The following results were obtained: The left coronary artery presented 3 types of division: bifurcation (54.7%), trifurcation (38.7%) and quadrifurcation (6.7%); the latter 2 patterns produced a diagonal artery. The trunk of the left coronary artery bifurcated more frequently in hearts of female Caucasians (57.1%) and male Caucasians (54.9%). It trifurcated more frequently (60%) in hearts of female non-Caucasians. The ramus diagonalis was found in 45.3% of the hearts. The incidence of a ramus diagonalis did not differ significantly between male Caucasians (45%), male non-Caucasians (42.8%) and female Caucasians (37%). However, it occurred more frequently in female non-Caucasians (66.5%). The length of the ramus diagonalis varied from 20.1 to 50mm (79.3%) and its relative length varied from 21 to 50% of the length of the left ventricle (75.3%). The ramus diagonalis was classified as short, medium and long types, the former 2 types were most frequent.
ECENT developments in procedures dealing with diagnosis and treatment of cardiac diseases have produced a need for further investigations on the anatomy of the coronary vessels. This study extends our previous quantitative studies of the distribution of the coronary arteries in normal human hearts1)-6) to the morphology of the left coronary artery and ramus peared as "one bisectrix" of the angle formed by the ramus circumflexus and the ramus interventricularis anterior of the left coronary artery. However, variations in the branching patterns of these arteries have not been examined in a large number of hearts. This study focuses on the morphology of the ramus diagonalis, in relation to the anatomical, radiologic, clinical and surgical factors raised in the literature.7)-42)
MATERIALS AND METHODS
The material comprised 150 hearts (106 males and 44 females) of individuals whose ages ranged from 20 to 76 years, distributed as follows: 100 Caucasians (71 males and 29 females) and 50 non-Caucasians ([Negroes, Mulattoes, Japanese] 35 males and 15 females). Hearts were injected and dissected using the same technique described previously. 1)-6) Special attention was devoted to the ramus diagonalis and the angle of division of the left coronary artery. After dissection, using a Universal Digital Caliper, the following measurements were obtained:
a. the distance from the point of division of the left coronary artery to the apex of the heart; b. the distance from the origin of the ramus diagonalis to the site of its penetration in the myocardium of the left ventricle.
RESULTS

A. Types of division of the left coronary artery
The left coronary artery presented 3 types of division: 1. Bifurcation into ramus interventricularis anterior and ramus circumflexus (Fig. 3) .
2. Trifurcation into ramus interventricularis anterior, ramus circumflexus and ramus diagonalis (Figs. 1B, 2A, 4, 5, 6 ).
3. Quadrifurcation into ramus interventricularis anterior, ramus circumflexus, ramus diagonalis I and ramus diagonalis II (Figs. 1C, 2B) .
The left coronary artery bifurcated in 54.7% of the cases (52.2% in females and 55.6% in males). Trifurcation was found in 38.7% of the cases (43.1% in females and 36.7% in males). Quadrifurcation appeared in 6.7% of the cases (4.5% in females and 7.5% in males). Bifurcation of the left coronary artery was more frequent than tri-or quadrifurcation. The distribution of types of division according to sex and ethnic group is represented in Figs. 7 and 8. There was no statistically significant difference in the distribution of branching patterns as a function of ethnic group or sex. Among females (Fig. 7) , bifurcation (52.2%) was more frequent in Caucasians (62%) and trifurcation (60%) in non-Caucasians. Quadrifurcation had a relatively low incidence in both groups (3.4% in Caucasians and 6.6% in non-Caucasians). Among males (Fig. 8) , there was approximately the same incidence in the distribution of the types of division in Caucasians (bifurcation-54.9% and trifurcation-36.6%) and non-Caucasians (bifurcation-57.1% and trifurcation-37.1 %). Quadrifurcation had again relatively low incidence both in Caucasians (8.4%) and non-Caucasians (5.7%). (7) is also represented. Abbreviations: A=aorta; LV=left ventricle; P=pulmonary trunk; RV= right ventricle; RA=right atrium; LA=left atrium; la=left auricle.
•¨ Fig . Photograph of the sternocostal aspect of the heart of a male Caucasian, 34 years old. Trifurcation of the left coronary artery (arrow) into the ramus interventricularis anterior (1), ramus circumflexus (2) and short type of ramus diagonalis (3) is seen. The ramus diagonalis splits short after its origin and penetrates into the myocardium after a short distance. Other branches of the ramus circumflexus and ramus interventricularis anterior can be seen. (Figs. 1C, 1B) . The single branch occurred either alone or next to the ramus anterior ventriculi sinistri superior (RAVSS) (Fig. 1E) , or next to the ramus anterior ventriculi sinistri medialis (RAVSM) (Fig. 1D ) or next to both preceding branches (Fig. 1A) . The ramus diagonalis was found in 45.3% of the hearts, that is, 47.6% in females (37.8%-Caucasians and 66.5%-non-Caucasians) and 44.1% in males. In male Caucasians the RL of the ramus diagonalis varied from 10 to 93% of the length of the LV (average 40%). In non-Caucasians the RL of the ramus diagonalis varied from 18 to 52% of the length of the LV (average 35%). In female Caucasians, the RL of the ramus diagonalis ranged from 15 to 52% of the length of the LV (average 37%). In non-Caucasians the RL of the ramus diagonalis ranged from 12 to 69% of the length of the LV (average 36%). The distribution of RL values from all hearts is summarized in Table III. The variation in the RL of the ramus diagonalis led us to consider 3 types of branches: short (up to 33.9% of the length of the LV) (Fig. 6) , medium (from 34 to 66.9% of the length of the LV) (Fig. 5) , and long (higher than 67% of the length of the LV) (Fig. 4) . These types of ramus diagonalis were distributed as follows: (1) short type (46.7%), (2) medium type (45.4%) and (3) long type (6.5%). The incidence of the short and medium types prevailed upon the long type of ramus diagonalis. In male Caucasians, the short type was found in 47.4%, medium type in 42.1% and long type in 10.5% of the cases. Among non-Caucasians, short type was found in 47% and medium type in 53.9% of the hearts. In female Caucasians, the short type of ramus diagonalis was found in 36.4% of the cases and medium type in 54.5% of the cases. Among non-Caucasians, short type was found in 54.5%, medium type in 36.4% and long type in 9.0% of the cases.
DISCUSSION
The trunk of the left coronary artery shows 3 types of divisions: bifurcation, trifurcation and quadrifurcation.
A bifurcation poses no terminological problem since it is accepted in the anatomical nomenclature of the involved vessels: the left coronary artery splits into the circumflex branch and the anterior interventricular branch. Other terms for this vessel include the diagonal anterior or left ventricular arteries,30) 33) median artery,10) intermediary artery ,34),35) ramus obliques,12) ramus lateralis27),36) and marginal ramus.37) We have adopted the term "ramus diagonalis" to be consistent with the term which has been widely adopted by anatomists, radiologists, clinicians and surgeons. Previous studies have reported a wide variation in the incidence of bifurcation of the left coronary artery (Table IV) .
Our results (54.7% of the cases) are close to those of Leguerrier et al27) and Banchi.7) The results were similar in Caucasian males (54.9%) and females (62%) and non-Caucasian males (57.1%); however, a bifurcated left coronary artery was observed in only 33.3% of non-Caucasian females.
A wide range of reported incidences of a trifurcation of the left coronary artery have also been reported in the literature (Table V) . Our findings (38.7% of the cases), are close to the results of Banchi,7) Mouchet40) and Anderson and Becker.35) Trifurcation was more common in non-Caucasian females (60%) than in the other groups (Figs 7 and 8 ).
The incidence of quadrifurcation of the left coronary artery has been consistently low in the previous literature (Table VI) . We also found quadrifurcation in a low percentage of hearts (6.7%). In males, it was found in 7.5% of the hearts and in females it was found in only 4.5%.
Our findings are close to those of Leguerrier et al,27) Banchi7) and Kalbfleisch and Hort12) and are higher than the results of Crainicianu .8) The incidence of the ramus diagonalis was reported to be as low as 6.5% by Velican et al41) and as high as 89.5% by Grande et al.39) The majority of the authors, however, found percentages between 20% and 38% (Table VII) . Our incidence (45.3%) is consistent with the findings of Kalbfleisch and Hort,12) dePaula10) and Tobias and Arnold.42) Our results for female non-Caucasians (66.5%) are close to those of Crainicianu8) (62%). However, a lower figure is observed when we consider the total incidence of the ramus diagonalis (45.3%). The ramus diagonalis was found by dePaula10) in 60.2% of the hearts (38.8% in Caucasians and 81.6% in nonCaucasians).
The presence of two rami diagonales, also termed as double ramus diagonalis, was found in relatively low percentages of hearts (Table VIII) . Our incidence (7.5%) is close to the findings of Leguerrier et al27) and Kalbfleisch and Hort.12)
One factor in the variation in reported incidence of the ramus diagonalis is due to different criteria for identifying the vessel. For example, the term "diagonal branch" has been applied to a vessel that originates near the bifurcation, but that was actually a branch of the ramus circumflex or ramus interventricularis anterior (Figs. 2C, 2D ). The variations in the length of the ramus diagonalis has special importance in cardiac surgery because its external portion is frequently used for implanting bypass grafts. We found that the length of the ramus diagonalis varied from 9.34 to 101.23mm (average 34.01mm); it did not vary significantly with race and sex. The length of the ramus diagonalis was variably described in the literature. In fact, Banchi7) considered it short, Sewell21) stated that it could be long and reach the cardiac apex and dePaula10) indicated that it could reach the middle one third of the ventricle. Numerical data were given by Crainicianu8) who reported that the ramus diagonalis ranged from 30 to 70mm in length, sometimes, ending at the level of the apex. Our results are consistent with Crainicianu's8) findings.
The relative length of the ramus diagonalis represents the relationship between the length of the ramus diagonalis and the length of the LV. The length of the LV did not correspond to the real length because our measurements were made between (1) the division of the left coronary artery, which occurs at the level of the coronary sulcus, and (2) the cardiac apex. As a rule, we observed that a ramus diagonalis length of 34.01mm corresponded to a ventricle length of 90.06mm.
Such a finding showed that the ramus diagonalis usually penetrated the myocardium after a distance equivalent to 37% of the length of the LV. This result confirmed dePaula's statement [1970] 10) that the ramus diagonalis ends in the middle one-third of the LV. The relative length of the ramus diagonalis was similar among female Caucasians (37%), female non-Caucasians (36%) and male non-Caucasians (35%) and differed little from that of male Caucasians, whose relative length of the ramus diagonalis was 40%. When separated in 10% intervals, in the majority of the cases (75.3%) we observed that the ramus diagonalis penetrated the myocardium at a distance between 21 to 40% of the length of the LV.
The possible significance of the preponderance of short and medium length rami diagonalis is suggested from Geiringer's report43) that a thin tunica intima is found in mural cardiac arteries under a myocardial bridge, whereas the subepicardial arteries showed hyperplasia.
He further suggested that the myocardial bridge may protect the intramural vessels from atherosclerosis. Thus, short and medium length diagonal arteries may be associated with a lower risk of coronary atherosclerotic disease.
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